Background {#Sec1}
==========

Over the last decade, rising rates of the preterm births have been reported; the estimated prevalence is 11.1% of all livebirths worldwide per year \[[@CR1], [@CR2]\]. Preterm newborns classifications include the following criteria: Gestational Age, mode of preterm birth (spontaneous versus provider initiated), etiology, or pathophysiological pathways \[[@CR3]\]. Infants born between 34 + 0 and 36 + 6 weeks of gestation are classified as "Late Preterm Infants" (LPI); they are the largest group of preterm newborns, accounting for about the 75% of all preterm births. Thus, the burden on public health of this population may be considered reasonable \[[@CR4]\]. In the past, many studies focused their attention on the very preterm infants (born at \< 32 weeks' gestation); recently, there has been an increasing interest in the moderate and late preterm. Since they are chronologically close to gestational maturity, until a few years ago, LPI were managed as full-term infants \[[@CR5]\].

However, several studies unveiled that LPI are physiologically and metabolically immature and at risk of a major number of hospitalizations in the first years of life. \[[@CR6]--[@CR10]\]. Moreover, recent studies reported that LPI are also at risk of long-term developmental problems, including deficits in neurocognitive/motor domains and behavioral problems. A review article described conflicting results about the impact of late-preterm birth on cognitive functioning, while LPI appeared to develop deficits of school performance and psychiatric disorders in young age and adulthood \[[@CR11], [@CR12]\]. A population-based cohort study found that, in late and moderate preterm infants, cognitive impairments were the most common adverse outcome, followed by neuromotor/sensory outcome and neurodevelopmental disability \[[@CR13]\]. A recent review analyzing neurodevelopmental outcomes of preterm children reported several results about long-term issues regarding LPI; in fact, this population is characterized by lower cognitive performances and increased risk of special education services support, border-line clinical internalizing and attention problems, and higher risk of psychiatric disorder diagnosis in adulthood \[[@CR14]\].

Therefore, to support the importance of a short- and long-term surveillance of this population of infants, the aim of this study is to describe the neurodevelopmental and emotional-behavioral outcomes of a LPI population.

Methods {#Sec2}
=======

Population {#Sec3}
----------

We studied 68 patients late preterm, who were admitted to the Child and Adolescent Neuropsychiatric Unit -- University of Bari "Aldo Moro", between January 2014 and March 2016, for psychopathological or neurological symptoms. We excluded: patients affected by Central Nervous System congenital abnormalities, neurodegenerative diseases, genetic disorders; patients with epilepsy or in psychopharmacological treatment because those factors might have influenced the neurodevelopment and the neurocognitive/emotional-behavioral assessment; adopted children, in case of incomplete or absent data about pre- and perinatal history.

This study was approved by the Local Ethic Committee of Azienda Ospedaliero-Universitaria Policlinico di Bari; all children were recruited after obtaining a written informed consent by their parents; in addition, informed consent was also obtained from the patients who could understand the content and aim of the study.

General assessment {#Sec4}
------------------

We collected information related to: parents' socio-demographic characteristics, family history of neuropsychiatric disorders, obstetric history (previous abortions, multiple pregnancies and risk factors for pregnancy such as utero placental disorders, maternal or fetal diseases) mode of delivery (urgent or elective cesarean section or vaginal delivery) and pre-term delivery causes (medical indications, Premature preterm rupture of the membranes, spontaneous delivery), demographic features of the newborn (gestational age, birth weight) perinatal complications (respiratory complications, jaundice, admission and duration of hospital stay in the neonatal intensive care unit), psychomotor development. All patients underwent physical and neurological examination, laboratory tests (blood cells count, liver and renal functions, metabolic panel).

Neuropsychiatric assessment {#Sec5}
---------------------------

All patients were assessed by highly-trained clinicians, experts in child and adolescent neuropsychiatry. Neuropsychiatric assessment included a neurocognitive and a social-emotional and behavioral evaluation. Cognitive assessment was performed using age-related scales including: Leiter International Performance Scale - Revised (Leiter-R) (for non-verbal patients or in case of language disorder) \[[@CR15]\], Wechsler Preschool and Primary Scale of Intelligence -- Third edition (WPPSI-III) \[[@CR16]\], Wechsler Intelligence Scale for Children -- Fourth edition (WISC-IV) \[[@CR17]\]. A borderline cognitive functioning is defined by an Intelligence Quotient (IQ) between 70 and 84; a cognitive deficit is defined by an IQ \< 70.

The academic achievement was assessed using standardized protocols including: MT Group Reading Tests for Primary School; MT Group Reading Tests for Middle School; MT Group Advanced Reading and Mathematics Tests for the first biennium of Secondary School; Battery for the Evaluation of Developmental Dyslexia and Dysorthography for Primary and Middle school; Evaluation Tests of Calculation Ability for Primary School and Evaluation Tests of Calculation Ability and Problem Solving for Middle School \[[@CR18]--[@CR23]\]. Social-emotional and behavioral problems were assessing using the Child Behaviour Check List (CBCL) \[[@CR24]\], a parent-report questionnaire that is composed of several items designed to record, in a standardized format, behavioral problems and competencies of children aged 1.5 through 18 years, as reported by their parents or other primary caregivers. The CBCL allows for the calculation of raw scores and t-scores, normed separately for girls and boys, in 8 different behavioral domains: Withdrawn, Somatic Complaints, Anxious/Depressed, Social Problems, Thought Problems, Attention Problems, Rule-Breaking Behavior and Aggressive Behavior. Neurodevelopment Disorders diagnoses was made according to the Diagnostic and Statistical Manual of Mental Disorders -- Fifth edition (DSM-5) criteria \[[@CR25]\].

Statistical analysis {#Sec6}
--------------------

Descriptive statistics were used to describe the sociodemographic and clinicals characteristics of patients. Risk factors related to late preterm birth, prevalence of neurodevelopmental disorders, and cognitive functioning were recorded and analysed. All statistical analysis was conducted using the SPSS software package (version 20.0).

Results {#Sec7}
=======

Socio-demographic features of LPI are described in Table [1](#Tab1){ref-type="table"}. The sample included 68 LPI (45 males and 23 females) aged from 2 to 16.3 years (mean age 7,5 years).Table 1Socio-demographical characteristics of LP patientsN (%)Gender distribution Male45 (66.2%) Female23 (33.8%)Age (mean age ± SD) 2--16.3 years (7.5 ± 3.4)Gestational Age at birth 34 weeks19 (27,9) 35 weeks19 (27,9) 36 weeks30 (44,2)Birth weight Appropriate for gestational age37 (54.4) Low Birth Weight30 (44.1) Very Low Birth Weight1 (1.5) Extremely Low Birth Weight--

Late preterm risk factors are summarized in Table [2](#Tab2){ref-type="table"}. Maternal Mean age at the time of the delivery was 31.8 ± 5.2 years. Preterm delivery was performed in 38 patients (55.9%) because of maternal or fetal causes. In 20 patients (29.4%) preterm delivery was spontaneous, and 10 patients (14.7%), were born after a Premature preterm rupture of the membranes. Intrauterine Growth Retardation (IUGR) and oligoidramnios, were the main fetal risk factors of preterm delivery, followed by maternal risk factors, as pre-eclampsia, hypertension and gestational diabetes. The description of the cognitive profile is summarized in Table [3](#Tab3){ref-type="table"}. A Border-line cognitive functioning (Intelligence Quotient = 70--84) was found in 19.2% of patients; an intellectual deficit (Intelligence Quotient \< 70) was found in 17.6%.Table 2Late Preterm birth risk factorsN (%)Maternal age  \> 35 years26 (38,2)  ≤ 35 years42 (61,8)Twin Pregnancy12 (17.6)Neuropsychiatric family History48 (70,6)Obstetric Precursors of preterm birth Delivery because of maternal or fetal causes38 (55.9) Spontaneous Preterm Labor20 (29.4) Premature preterm rupture of the membranes10 (14.7)Respiratory Complications10 (14.7)Jaundice15 (22.1)Intensive Neonatal Care26 (38.2)Maternal Risk Factors16 (23.5)Preeclampsia9 (13.2)Hypertension1 (1.5)Gestational Diabetes5 (7.4)Other Maternal Risk Factors2 (2.9)Fetal conditions20 (29.4)Intrauterine Growth Retardation11 (16.2)Oligoidramnios6 (8.8)Other fetal conditions3 (4.4)Table 3Cognitive functioning of the sampleMean valueMean Total IQ91.1N (%) Normal (IQ ≥ 85)43 (63,2%) Border-line (IQ = 70--84)13 (19,2) Cognitive deficit (IQ \< 70)12 (17,6)*IQ* Intelligence quotient

Neurodevelopment disorder diagnoses are specified in Table [4](#Tab4){ref-type="table"}: Language Disorder (LD) (32.4%), Attention Deficit Hyperactivity Disorder (ADHD) (23.5%), Specific Learning Disorder (SLD) (22.1%), Developmental Coordination disorder (DCD) (19.1%), Intellectual Disability (ID) (17.6%), Autism Spectrum Disorder (ASD) (13.2%). In 19 out of 68 patients (28%), two disorders were in comorbidity: LD and DCD co-occurred in 13.23%, ASD and ID in 8.8%, ADHD and ASD in 5.9%. The CBCL scores were in a clinical range for internalizing problems (such as affective problems and social skills) in 21 out of 68 LP (30.8%) as reported in Table [5](#Tab5){ref-type="table"}.Table 4Neurodevelopment disorders diagnosesN (%)Language disorder22 (32.4)Attention Deficit Hyperactivity Disorder16 (23.5)Specific Learning Disorder15 (22) With impairment in reading8 (11.8) With impairment in mathematics4 (5.8) With impairment in writing3 (4.4)Developmental Coordination disorder13 (19.1)Intellectual Disability12 (17.6)Autism Spectrum Disorder9 (13.2)Table 5CBCL scores in clinical rangeN (%)Internalizing problems21 (30.8) Anxious/Depressed9 (13.2) Social Problems8 (11.8) Somatic Complaints4 (5.8)

Discussion {#Sec8}
==========

The important increase of late preterm births has been partially related to the greater use of reproductive technologies, and as a result, to a major frequency of maternal-fetal complications during pregnancy \[[@CR4], [@CR26], [@CR27]\]. This phenomenon raised a significant interest on the possible outcomes of LPI, including the neurodevelopmental ones. Until a few years ago, LPI were considered as full-term newborns; so, most of the studies were focused on early and/or moderate preterm outcomes. In 2007, Engle et al. defined LPI as a "population at risk"; in fact, as reported also by previous studies, LPI are a group of patients at greater risk of neonatal morbidities and mortality than are term infants (TI). Compared to TI, LPI are more likely to be affected by infections, hypothermia, hypoglycemia, respiratory distress, apnea, jaundice, or feeding difficulties due to labor or delivery complications. Nevertheless, their rehospitalization rates in the first year of life are increased, above all in males and in those who received respiratory support in the primary hospitalization \[[@CR6]\]. Besides the neonatal complications and mortality, an increasing number of recent reports suggest that this population is also at increased risk of neurodevelopmental outcomes \[[@CR10], [@CR13], [@CR28]\]. Moreover, as emphasized by a recent article review, most of prematurity-related disabilities are described in moderate and late preterm infants, but this group is less studied than those born extremely or very preterm \[[@CR14]\].

In our sample, all patients received a neurodevelopmental disorder diagnosis. A Language Disorder was diagnosed in 32.4% of our sample. Previous studies have already found that preterm delivery is considered as a major risk factor for early language impairments \[[@CR10], [@CR29]--[@CR31]\]. A norwegian study compared preterm infants with control term infants in order to verify an association between gestational age and language development outcomes. The results showed an inverse linear relationship between these two variables: the more preterm delivery was early, the more language skills were impaired in the preterm group \[[@CR32]\]. A prospective longitudinal cohort study compared moderate-late preterm (MLPT) infants group with healthy full-term controls in order to investigate development outcome of MLPT group at 2 years of age. Results revealed that MLPT children were more likely to have a development delay, more pronounced in the language domains than in the motor ones \[[@CR33]\]. In our study, 23.5% of patients were affected by Attention Deficit and Hyperactivity Disorder (ADHD). Previous studies concerning ADHD risk in LPI highlighted controversial results. A retrospective population-based study demonstrated that premature birth is a risk factor for ADHD; results not only showed that the risk declines with the progression of each gestational week, but also that ADHD risk was moderately elevated even in late-preterm and early-term infants \[[@CR34]\]. However, on the other hand, a retrospective cohort study found no statistically significant increased risk of developing ADHD for either LPI or early-term infants \[[@CR31], [@CR35]\].

In our sample, we diagnosed a Specific Learning Disorder occurred in 22.1% of patients, with an impairment in all academic domains, writing/mathematics and reading. Previous studies already described learning difficulties in LPI. Two reviews found an increased risk for school-related activities in LPI with poor performances in writing/composition, mathematics, speaking/listening and reading \[[@CR36], [@CR37]\]. A cohort study evaluated school performance at age 7 in LPI and early preterm infants, revealing that LPI performed worse than full term children in reading and writing \[[@CR12]\].

A Developmental Coordination Disorder was found in 19.1% of patients. In literature, is reported that late and moderate preterm children have a higher risk to develop neuro-motor impairment than in term born infants \[[@CR13], [@CR33]\].

An Intellectual Disability diagnosis was made in 17.6% of patients. The mean IQ of these patients was 62.3.A recent systematic review investigated long-term cognitive outcomes of late preterm births at ages 2, 4 and 14, did not find significant differences of their intelligent quotient scores with the full-term ones. However, the authors underline that the quality of evidence of the studies examined is poor due to high risk of bias \[[@CR38]\].

In 13.2% of patients we found an Autism Spectrum Disorder (ASD) diagnosis. Preterm birth has been already identified as a risk factor for ASD \[[@CR39], [@CR40]\]. A large population-based study found that the risk of ASD increased with decreasing gestational age \[[@CR41]\]. Another retrospective study identified an elevated probability of ASD among LPI, but the risk relative compared to term infants was not statistically significant \[[@CR42]\].

In our sample, 30.8% of patients were in clinical range for internalizing problems (affective problems and social skills) at the CBCL questionnaire. There are only few previous studies reporting emotional-behavior problems in LPI \[[@CR33], [@CR43], [@CR44]\]; most of them described a high prevalence of internalizing problems over the externalizing ones.

Therefore, our findings confirmed the evidence that the last half of gestation is a crucial period in the brain development. In fact, at 34 weeks of gestation, brain volume reaches only the 65% of the term brain volume; moreover, the cortical volume in LPI is only 53% of the term volume. In addition, myelination processes show a five-fold increase between 35 and 41 weeks; nevertheless, the gyral and sulcal development goes on until the 40 weeks of gestation. Therefore, LPI brain not only is far from being mature and fully functional, but it is also very vulnerable and susceptible to deprivation of normal environmental influences and to adverse environmental factors \[[@CR6], [@CR45], [@CR46]\]. Because of this immaturity, in LPI, the connectivity between brain regions could be disrupted as well; this may explain the occurrence of neurodevelopmental disorders and emotional-behavioral problems in this population \[[@CR47]\].

Conclusions {#Sec9}
===========

The rates of neurodevelopmental disorders in our sample are higher than the global prevalence rates in the general population. However, our study has some limitations that need to be considered. First, the size of the sample is quite small. Moreover, we were unable to make comparison with a control group, because of the difficulty in recruiting healthy children and adolescents born full-term. Another limitation is the highly selected group of late preterm children, all of whom were admitted for neuropsychiatric symptoms. In fact, the absence of healthy late preterm children control group prevented the calculation of the prevalence of neurodevelopmental outcomes among children who were born late preterm. Nevertheless, this preliminary study highlights not only the importance of monitoring programs LPI from the first years of life, but also the growing need for more large-population-based and longitudinal studies to identify at an early stage both potential risk factors and first signs of neurodevelopment disorders.
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